Algorithms are based on heuristics, being able to find solutions to different kinds of problems. Knowledge representation techniques, in turn, aim the representation of the real world, using mechanical, logical or other descriptions. Usually, in the evolutionary computation area, the problems are clearly defined allowing straightforward comparisons of the performance of the competing entities. Indeed, the core purpose of this work is to describe an approach that aims to establish a dynamic virtual world of complex and interacting entities that map real cases of diabetic foot situations, understood here as the terms that make the extensions of mathematical logic functions in a competitive environment with a strict measure of selection, i.e. fitness is assessed by one criterion alone, its Quality-of-Information, grounded on a Case-Based Reasoning methodology to problem solving, that allows to deal with incomplete, unknown and even self-contradictory data.
INTRODUCTION
Diabetes mellitus stands for a group of metabolic disorders that result in high levels of blood glucose over a prolonged period. Diabetes is one of the most common diseases in the world and its incidence has increased over the years, mainly due to unhealthy diet and obesity. The disease increases the risk of injury to the kidneys, eyes, and blood vessels. One of the most serious complications that often occur in diabetics is diabetic foot that can lead to gangrene and in severe cases to amputation [1] [2] [3] .
The diabetic foot ulceration is more common in older patients and the prevalence of the pathology in the diabetic population is 4-10%. Furthermore, about 5% of diabetic patients have a history of diabetic foot and the risk of developing this complication is about 15% [4] .
The presence of an ulcer has serious emotional, social and economic implications, decreasing considerably the patient's mobility, autonomy, and quality of life. In addition, ulcers can be a source of pain, also contributing to progressive degradation of the diabetic patient's quality of life.
In this context the development of Evolutionary Decision Support Systems to predict the outcome of diabetic foot ulcers can be an asset to health professionals, in particular to define the best type of anomaly treatment. In this work, such systems will be based on parameters obtained from diabetic foot images, complemented with Evolutionary Case-Based Reasoning (ECBR) methodology to problem solving [5] [6] [7] [8] [9] [10] [11] .
II. KNOWLEDGE REPRESENTATION AND REASONING
Regarding the computational paradigm to knowledge representation, Extended Logic Programs (ELPs) were considered. These programs contemplate two kinds of negation, namely, the classical negation, ¬, and the default negation, not [12, 13] . An ELP is a finite set of clauses as shown in Program 1. In Program 1 the former clause depicts the predicate's closure and "?" stands for an atom of the domain that indicates falsity. According to the formalism presented above, the ELPs encompass a set of "exceptions" to the extensions of the predicates that compose them [12] [13] [14] [15] [16] [17] [18] . Aiming to describe the universe of discourse in a competitive environment, the fitness is assessed by Quality-of-Information (QoI) and Degree-ofConfidence (DoC) that stems out of the ELPs, when subject to a conceptual blending procedure [13, 19] .
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• 1 (one) when the information is known;
• 0 (zero) if the information is unknown; and
•
]0, 1[ if the extensions of the predicates that compose the ELP include exceptions [18] .
Aiming to quantify the QoI carried by an ELP the QoI of each predicate is depicted into a multi-dimensional space. To illustrate the QoI quantification process consider an ELP with extension of 5 (five) predicates, p1 … p5 (Fig. 1) , where the respective QoI is given by the greyish area.
The DoC, understood as the confidence that the argument values fit into a specific interval [17] , is computed using , as shown in Fig. 2 . 
III. CASE STUDY
Image processing is a key stage for characterizing information in medical images. To perform the study, images were used in JPEG format, with a size of 2048 × 1536 pixels (Fig. 3) . The image processing framework imageJ was used in order to extract information from the medical images [20] . The extensions of the relationships illustrated in Fig. 4 refer to ninety-eight patients aged 28 to 89 years, mean 57.3 ± 14.4 years. Regarding gender distribution of the patients included in this study it was 53.7% for women and 46.3% for men. In the database some incomplete and/or default data is present. For example, in case 1 the haemoglobin value (Hb1Ac) is unknown (depicted by ), whilst cholesterol varies between 161 and 173 mgcm -3 . The Description column aims to record the relevant patient characteristics and can contain free or structured text. Using the algorithm described in [17] to the fields of the knowledge base Diabetic Foot State (Fig. 4) , and excluding from this process the Descriptions that will not be object of attention, it is achievable to define the arguments of the predicate diabetic foot state (dfs). The predicate dfs also describes the objective function with respect to the problem being studied:
In the Smoking Status column (Healthy Life Style
in which the truth values true and false are depicted by 1 (one) and 0 (zero), respectively.
Applying the algorithm described in [17] 
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507 | P a g e 978-1-5090-6435-9/17/$31.00 ©2017 IEEE In the present work the ECBR cycle proposed by Neves et al. [11, 18] was adopted. The main advantages of the mentioned cycle are related with the fact of the cases' arguments being normalized to the interval [0, 1], the capability to deal with incomplete or unknown information and the optimization of the retrieved cases. Artificial Neural Networks (ANNs) [21] were used in the optimization stage. Thus, the boundaries of the attribute's values ranges, the correspondent DoCs and QoIs are the inputs of the ANN. The outputs gives the classification of the case (i.e. if it may be used to solve the problem), and a measure of the confidence associated to this classification (Fig. 5) . Life Style = [3, 6] , the algorithm described in [17] leads to the outcome:
In the next stage, the new case is depicted on the Cartesian plane (DoC versus QoI), allowing to identify the cluster(s) to which the new case belongs (Fig. 6) [22] . The cases of the selected cluster were optimized using ANNs and a set of 28 cases were retrieved:
The new case and the retrieved cases are compared through a similarity function, sim. This function is computed as one minus the modulus of the mean arithmetic difference between the arguments of each retrieved cases and those of the new case: An analogous process was followed in order to compute the similarity, in terms of QoI, between the new case and the retrieved case1, returning . The overall similarity, , is the product of the metrics computed above:
This procedure was extended to all retrieved cases leading to the most similar ones, i.e. the potential solutions to the problem in study.
The coincidence matrix regarding ECBR model is presented in Table 1 . The values displayed refer to the average of 30 (thirty) experiments. A reading from Table 1 Fig. 7 , being the area under the curve 0.89. All the performance metrics [23, 24] mentioned above are close to 90% and seem to suggest that the model performs well in assessing the diabetic foot status. 
IV. CONCLUSIONS
This work reports the process of inductive theory building that makes use of case studies, from the specification of the research questions to reach closure, in the domain of diabetic foot assessing. The basic idea of the dynamic mechanism of the evolutionary heuristics follows the basic rule of the CBR approach to evolution, i.e. knowledge evolution is the support of the learning procedure and it is based on a quantification process of the QoI emanate from ELPs or theories.
Some characteristics of the process (e.g. problem definition or validation process) are analogous to the hypothesis testing ones. Contrariwise, features like case analysis and extended logic programming are unique to the ECBR approach. Indeed, the technique is novel in itself, in terms of a formal specification of the problem and program synthesis, a practice that supports mathematical proof. It supports the multivariate biometrics of shape and tools that aim geometric tasks like standardizing against Euclidean similarity transformations, shear transformations, encoding informative prior knowledge about shape variation, detecting and testing.
Last but not least, it must be pointed out that systems like the ones referred to in [25] [26] [27] , despite discuss co-morbidities and specific features of the disease as predictor variables, some of them are not available for some patients, varying from 0 to 6% of unknown values per predictor [28] [29] [30] . In one's model the data collected is fed directly to the computational apparatus, be it unknown, taken from a set or an interval, or be self-contradictory. In future work we intend to approach in a simultaneous and integrated way data, information or knowledge, be it of a quantitative or qualitative nature, once the confusion surrounds the distinctions among qualitative versus quantitative, primary logics, and case study research. 
